Abstract -The influence of single and mixed solvents on the rate of electrode reactions is discussed.
GALUS
An illustration of the influence of the solvent on both $ and the kinetics of the Mn(II)/Mn(Hg) system is shown in Fig. 1 . One should remember that in the case of more complex reactions, with participation of several electrons in the electrode process, the mechanism of the electrode reaction may be totally changed. For instance electroreduction of nitrobenzene in aqueous solutions proceeds directly in one step to phenylhydroxylamine, while in dimethylformamide this reaction occurs in a one-electron, followed by a three-electron step.
ELECTRODE REACTIONS IN SIMPLE SOLVENTS
The standard rate constant, corrected for the influence of the double layer structure, er, Some other correlations were also attempted (ref. 24) and the results of the analyses according to equations (11) -(16) are given in Table 1 . Eq. 
GALUS
Reaction is always slower when the reactant is reduced from a solvent of high Lewis basicity: such behaviour is independent of the rate of the electrode reaction.
ELECTRODE REACTIONS IN M I X E D SOLVENTS
The One sees that there is very good correlation between the beginning of resolvation and the change from inhibition to acceleration of the rate with further increase of the organic solvent concentration [ decrease of (1 -8) ].
The common straight line in Fig. 3 , for different solvents (inhibitors), is a good illustration of the validity of equation (17). There may also be a different type of behaviour: this is observed when even a small amount of organic solvent changes both Agtr and A T , and increases the rate constant of the reaction (Figs 2 and 3 ) . Inhibition of the electrode reaction is not observed in this case because the reactant ion, solvated preferentially by the organic solvent, may easily approach the electrode surface which is also preferentially populated by the organic solvent.
Line 4 in Fig. 2 represents the change of Ged on Agtr for pure solvents (ref. 23) described by equation (15) . The deviations from this dependence are due to the composition difference of the bulk and surface phases given by the relative surface excess of the organic component
where p ( r 1 is a function of the surface excess The relation between p ( r ) and r may be established by dividing the electrode reaction into three steps consisting of (i) partial desolvation of the reactant in the solution, (ii) removal of a solvent molecules (associates) from the electrode surface, or selective resolvation with surface organic molecules, and (iii) the formation of the activated complex folr .
Z. GALUS
lowed by ion transfer into the amalgam phase:
By combining equations (21) and (22) one gets
When Agtr = 0 and surface coverage 8 is not very large equation (23) experiments were accompanied by the study of the resolvation of the vanadium ions with DMPU molecules using visible spectroscopy. Also for that system one observes a dramatic decrease of the rate, as we discussed before, due to progressing coverage of the electrode by W U .
At x+MPU> 0.1 when the degree of the surface coverage, 0 , is in the range 0.9 -1.0 the kinetics, as we discussed above, is determined largely by the solvation of the reactant.
For +u2 0.1 the values of 6 both for V(II1) and V(I1) were found on the basis of spectrophotometric experiments, to be practically equal. Since 6 may be simply related to the average number of organic molecules bound to the vanadium ions, one may assume that in mixtures of water with DMPU, the average compositions of the inner solvation shells of V(II1) and V(I1) are equal (Fig. 4) .
Using equation (5) Substitution of H20 molecules by DMPU molecules, changes the inner shell bond vibrations Since V-OMPU vibrating group has larger effective mass than V-HZO, one may suppose that V V-DMPU<vV-H20. This conclusion suggests, opposite to experimental observations, that the rate constant of the V(III)/V(II) system should decrease when resolvation with OMPU increases. However, the difference between vv-DMpu and vV-H should be rather small. In addition to dynamic effects, the changes in the coogdination sphere may influence also the activation energy. It is difficult to calculate ACi for the V(III)/V(II) + H20 + OMPU system; however, it is reasonable to assume that it is easier to change the V-HzO bond than V-DMPU, since water is less strongly coordinated by vanadium than W U . Such a dependence between rate constant and Agi was earlier observed (ref. 32) for the Eu(III)/Eu(II) couple in several solvents. In consequence Agi should increase on substitution of H20 by DMPU according to the change of 6, but this disagrees with experimentally observed increase of &.
As a result the observed behaviour should be explained by the change of A% given by equa-# tion (7). Using this equation we calculated values of A% and found that they decrease with the increase of DMPU content to reach finally a plateau for k u 7 0.5. The importance of the molecular aspects of solvent reorganization is shown in Fig. 4 where the shape of the log & on l l~~~ and 6v(III) (or 6v(II)) on hPu dependences are very similar .
Since such behaviour cannot be explained by inherent changes of the inner coordination sphe-1 re, one can suppose that the composition of the inner sphere influences the reorganization of the surrounding solvent. Such interdependence between inner and outer sphere may be due to hydrogen bonds. When H20 molecules are substituted by DMPU the number of hydrogen bonds between the inner shell and the outer shell gradually diminishes, making the outer sphere more facile to the reorganization and accordingly to an increase in I I , of the V(III)/V(II) system. Coordinated DMPU molecules do not contain any polar groups which could participate in hydrogen bonding with outer sphere water molecules. In pure DMPU the secondary solvation shell of the ion is ordered almost exclusively by nonspecific charge -dipole interactions. Such behaviour may occur also in other mixed solvent systems when water molecules are substituted in the first coordination sphere by molecules of solvents which are not hydrogen bond donors. However, also in the case of the correct choice of the model equation, the correlation may not be satisfactory.
One of the reasons, is a frequent use in correlations of the rate constants not corrected for the double layer effects.
This influence of the double layer on & described by the equation
may be significant and different in various solvents. In order to minimize this influence, when the double layer data are not available, one should use rather high concentration of background electrolyte with non surface-active ions. The correction given by equation (24) may be not always effective, because the reaction site in different solvents may not coincide with the outer Helmholtz plane. Also, when one uses solvents with low dielectric permittivity, the ion pair formation by background electrolyte and reactant ions may complicate the calculation of (p2 potential and in consequence the use of equation (24) .
To understand more properly the mechanism of the charge transfer and the ion transfer reactions, further work on various electrode systems in solvents with different properties should be carried out.
